Abstract Examination of the bone marrow biopsy and aspirate allows diagnosis and assessment of various conditions such as primary hematologic and metastatic neoplasms, as well as nonmalignant disorders. Despite being performed for many years, according to many different protocols, the procedure still remains painful for the majority of patients. This paper summarizes the current knowledge of pain reduction measures in the bone marrow biopsy and aspiration.
Introduction
The bone marrow biopsy and aspiration (BMBA) is an essential diagnostic approach to the diagnosis of hematological disorders [43] . It was developed in the beginning of the nineteenth century, allowing doctors to diagnose marrow disorders in patients [16, 33] . The procedure evolved in the following years with focus on easier and repeatable collection of bone marrow, leading to full standardization of the procedure in the 1970s [7, 14, 22] . Local anesthesia was used to reduce the pain in patients undergoing biopsy. Despite the progress in medicine, there was not much focus on studies considering the pain during the bone marrow biopsy. The information on prevalence, predicting factors, and prevention of pain associated with the procedure is very limited, and no effective guidance for the technique itself was so far developed [43, 45] . The standard methods of performing BMBAs have remained almost unchanged for decades. Nevertheless, newer studies acknowledge the lack of information on pain reduction during a BMBA procedure [45] . As the importance for more information in this field is being recognized, there are no clear instructions in how to use data on pain-causing factors to prevent or deal with pain in patients undergoing this type of biopsy to date.
Still, the limited trials undertaken to lessen the pain connected with the procedure did not change clinical practice, and pain remains a heavy burden to many hematologic patients [28] . As medicine becomes more patient-oriented and emphasis is being placed on patient well-being, we strive to decrease the pain associated with medical procedures. So far, there are no set guidelines to ameliorate pain resulting from a BMBA. In this review, we analyze current practice to reduce pain during the procedure and summarize the simplest ways for pain reduction during a bone marrow biopsy.
Bone marrow biopsy and aspiration
Usually, a bone marrow biopsy and aspiration is performed in a hospital or an outpatient clinic by a trained physician. Typical biopsy sites are the posterior and anterior superior iliac crest, but the sternum can also be used for aspiration. Before the biopsy, a local anesthetic is injected into the subcutaneous tissue to numb the area and reduce pain. The patient may also receive systemic analgesia and/or antianxiety medications [35] . A needle is then introduced through the skin into the bone, and a sharp pain may be felt as the needle is inserted into the bone. The bone marrow biopsy is usually, but not always, performed first. By applying manual pressure, the needle is propelled through the bony cortex. If the biopsy is performed in the posterior or anterior iliac crest, the larger trephine biopsy (TB) needle is used to collect a cylindrical sample of solid bone marrow. The TB needle is removed, and, with a syringe attached to a needle, a small amount of marrow fluid is removed from the bone marrow. Finally, the needle is removed, and pressure is applied to the biopsy site to stop possible bleeding.
The posterior superior iliac crest is a preferred site for the BMBA due to safety, comfort, and convenience. The anterior superior iliac crest is less preferred due to increased occurrence of pain and difficulty in sampling [21] . The approach to the sternum aspiration varies between centerssome centers use the sternum as the primary site for aspiration when there is no need for additional TB, while other centers use it only as a last resort in patients who, for medical reasons, cannot be biopsied otherwise. The sternal aspiration benefits are weighted against the risks associated with accidentally entering of the underlying mediastinum or causing a fatal episode of cardiac tamponade [32, 34] . Cases of hemorrhage have been reported, however, with very rare frequency [5, 42] . The other reason for not using the sternum as the primary site for bone marrow aspiration is the observation that sternal aspirations were reported by the patients to be the most painful localization for aspiration [25] . However, there are little available data on that topic. In infants younger than 1 year, the tibia is sampled, and the procedure is done under general anesthesia [4, 40] . The BMBA from the posterior iliac crest typically takes approximately 10-30 min, and the patient is usually released home after an additional hour of observation to exclude any immediate local complications. If an intravenous sedation has been administered, extra time is needed for preparation and post-procedure care. Discomfort, mild tenderness, and minor bleeding may occur at the site of the biopsy. Complications, such as infections, serious bleeding, or breaking of the needle, are extremely rare, and bone marrow examination is considered a safe procedure with low risk of morbidity [36, 42] .
Pain-influencing factors
There are many independent factors that were studied in possible connection to pain in BMBAs. These include gender, age, body mass index (BMI), level of education, information prior to procedure, previous BMBA experience, indication for BMBAs, site of BMBAs, the experience of the operator, duration, and difficulty of the procedure [44] . The results of the studies are often contradictory when separate characteristics, such as BMI, age, or operator experience, are taken into account.
The correlation between duration and difficulty of the procedure in relation to pain has been recorded in several studies [26, 44] . Intensity of pain was significantly reduced when the procedure was performed by an experienced physician or took less than 10 min, since the duration of the procedure is equivalent to a higher visual analog scale score [44] . The experience of the physician was also shown to reduce the time of a BMBA [26] . However, in other studies, the experience of a physician shows no effect on pain [11, 23] . Patients attempting one biopsy, compared to repetitive biopsies, also reported fewer episodes of unbearable pain [11] , especially a long duration of puncture was a significant independent predictor of pain intensity [26] . An experienced physician can usually perform a bone marrow biopsy with minimal pain and discomfort. This in part can be explained by a reduction of time needed for the procedure, as patients undergoing lengthy procedures report higher pain scores than patients undergoing shorter uncomplicated procedures. Also, experienced physicians are typically better at overcoming the technical problems and decrease the need of multiple biopsies in a given patient.
Another factor influencing pain during the biopsy is the BMI of a patient. Some suggest that BMI and age play only a minor role to no direct association with episodes of severe pain [11, 26] , while others claim that these are key factors in the pain experience [44] . This can be, in part, explained that the posterior superior iliac crest can be inaccessible for morbid obese patients (BMI >30 kg/m 2 ) that tend to undergo the biopsy of the sternum, which has an increased risk of adverse effects and severe pain perception [4, 5] .
Pain during a prior BMBA and anticipatory anxiety had a significant impact on pain during a subsequent examination. Patients experiencing severe pain in the first biopsy would be more prone to report unbearable pain in the following BMBAs [11, 23] . Since a negative experience can lead to fear and emotional distress, any future BMBA may become an increasing problem for patients. This is important because, in several cases, procedures are frequently repeated. Therefore, it is important not to traumatize the patient for the future. Patients experiencing high anxiety before the BMBA tend to score higher levels of pain [8] . Inadequate information prior to the procedure also seems to be a key factor in some studies [11] . Many patients claim that they do not get adequate information on adverse effects before the puncture [3] .
Bone marrow biopsies often remain a heavy burden for patients. The research so far has concentrated on painassociated factors rather than pain-reducing measures. However, most of the pain predictors show us the areas of concern and for future interventions. The experience of the physician seems to be the key influencing factor in most of the studies.
Methods of pain reduction
Pharmacologic When a BMBA is performed in adults, a local anesthetic (LA), usually lidocaine or a similar drug, is used to numb the area of the skin and periosteum at the puncture site before the procedure. Lidocaine can be given along with sodium bicarbonate to reduce the burning pain of the lidocaine solution [35] . In case of an adverse reaction to the medication, an alternative drug, like chloroprocaine or bupivacaine hydrochloride can be used [35] . Articaine, a LA that is able to penetrate the bone, can also be used, however, studies have shown that the drug is not superior to lidocaine, and that patients do not report lower pain scores [27] . Other drugs may be used for local anesthesia such as mepivacain; however, there are very limited data to support the use of one drug over another in bone marrow biopsies.
Intravenous sedation (IVS) with drugs such as lorazepam, midazolam, or diazepam is often administered in addition to LA [10, 15] . Besides reducing anxiety and pain perception, IVS has shown to produce a retrograde amnesia for the procedure in many patients [30] . These drugs are commonly requested by patients that experienced severe pain during their first bone marrow biopsy (which underlines the importance that the first biopsy is as painless as possible). In a different study, a combination of hydromorphone and lorazepam administered 90 min prior to a BMBA showed a lower pain perception and retrograde amnesia in half of the patients [13] . According to several studies, patients receiving IVS tend to be more often willing to undergo a future BMBA, compared to patients receiving only LA [31] . Apart from the favorable effects, IVS administration has serious drawbacks, like prolongation of the hospital stay, requirement of additional staff and equipment, and furthermore, it contributes to an increase in incidence of adverse effects. Before administration, the beneficial effects of IVS need to be balanced against the adverse effects for each given patient. When given the choice between LA only and LA/IVS, patients choosing LA were more satisfied with their choice. However, patients that received IVS alongside LA had a lower pain score compared to patients receiving LA only [17] . We have to remember that many times the patients experiencing severe pain during the first bone marrow biopsy will ask for IVS. Personal experience shows that when biopsy is performed in such patients by an experienced physician that uses only LA, the IVS will not be requested in further biopsies if the patients who felt pain during biopsy are satisfied afterwards.
Since LA does not prevent the transient pain experienced during suction, premedication with a centrally acting opioid analgesic, like tramadol, can be used to reduce the pain intensity significantly, indicating that the pain provoked by vacuum aspiration of bone marrow is opioid-responsive [44] . In comparison to other opioids, tramadol lacks the unwanted effects on the cardiovascular and respiratory system and is therefore better tolerated [12, 37] . With a 50-mg dose used prior to the biopsy, the pain could be reduced, and there were no major side effects reported in the study patients. Another study indicates the use of deep sedation in the form of midazolam, fentanyl, and propofol for pain reduction [9] .
The most recent studies have shown some reduction in pain intensity with the usage of nitrous oxide/oxygen (N 2 O/O 2 ) or nitrous oxide alone [24] . This gas may be used for pain relief in BMBAs [20, 41] . Patients self-administer the gas a couple of minutes before and during the procedure when discomfort is experienced [23] . The benefits of this approach are the low cost, no hospitalization, and less nursing or medical supervision. In a study, it was shown that 93 % of pediatric patients undergoing various procedures with a nitrous oxide/oxygen mixture, would choose this again, if the procedure had to be repeated in the future [2] . However, adverse effects like diffusion hypoxia have been reported [26] . In a different study [43] , patients were offered a choice between LA alone or LA in combination with N 2 O/O 2 . A pain reduction was noted in the LA/N 2 O/O 2 group, but the results were not statistically significant. However, 84 % of the patients using this combination would request it again for a future procedure [43] .
In conclusion, premedication with a LA alone or in combination with IVS did reduce pain but did not prevent unbearable pain [11] . Tramadol can be used to further reduce the intensity of pain, but severe pain may still occur in some patients [46] .
Nonpharmacologic
One of the important pain-influencing factors during BMBAs is the patients' anxiety before the procedure. Establishing trust by being honest, providing accurate information in terms the patient can understand, and ensuring comfort and privacy can lower the patients' anxiety prior to the procedure. A survey of data clearly indicates the influence of information provided by the physician on pain during a procedure [11] . Often underestimated, good information prior to procedure could be an effective and simple way to reduce pain during examinations, since inadequate information at any time shows a trend towards an association with unbearable pain. Patients who reported to have received information about the procedure or who had previous personal experience with bone marrow examination could arrange a mental strategy and experience unbearable pain less often [11] .
Another approach is the use of different types of biopsy devices. Development of new equipment, such as biopsy needles with internal snares to capture bone marrow, reduces the discomfort experienced by the patient [18, 19] and allows easier biopsy for the physician if used properly. In addition, a new mechanical device, the OnControl Bone Marrow Biopsy System, was introduced recently. The mechanical device was assessed in a small randomized trial, in which it was shown to cause similar pain compared to the conventional biopsy needles, however with possibility of more complications, even though the biopsy done with the powered device took half the time compared to the manual biopsy [6] . The positive effect of automated biopsy needle was a reduction of the residual pain the day after the biopsy. Unfortunately, the data coming from a limited number of patients cannot be well interpreted, as it is impossible to randomize the operator's skills to perform the bone marrow biopsy with a normal device versus a new device that is provided by the sponsor of the trial.
Also, alternative ways of pain reduction were explored in different centers to reduce the discomfort associated with a BMBA. For example, hypnosis has been used as an adjunct to local anesthetics and showed to be beneficial [1, 29] . In one study, hypnosis showed to lower the anxiety during the procedure but did not show any significant decrease in pain [39] . Cognitive behavioral therapy has also been compared to hypnosis but has not been as effective [29] . Other variants are used, such as music therapy or art therapy (like nature screens combined with nature sounds), to provide a distraction for the patient and to decrease the level of anxiety [38] .
Strategy for pain reduction during bone marrow biopsy So far, there is no formal recommendation on how to effectively reduce pain during the bone marrow biopsy. However, the data collected during different trials and the experience from different centers show that simple conclusions can be drawn. Firstly, the emphasis should be focused on patient information. The doctors should inform the patient about the procedure and provide necessary information on what will be done. Secondly, the first biopsy should preferably be performed by an experienced operator as this is the point where the greatest anxiety is felt, and pain during that first procedure was shown to be connected with pain in the following biopsies. When possible, we would recommend sending psychologically fragile patients undergoing their first BMBA to a physician in a center known to perform the least painful BMBA. Additionally, better pharmacological ways for patient anesthesia and sedation should be explored. The patients should be carefully anesthetized, and the local anesthetic, allowed time for proper infiltration of the puncture site. Insufficient local anesthesia is the most easily avoidable mistake during bone marrow biopsies. Short sedations can be offered to patients preferring pain relief, if the ward has the capacity of providing the possibility for further observation. For patients experiencing severe pain during the marrow suction, tramadol can be given before the procedure, as it was shown to significantly reduce this pain. The patient should be asked when the strongest pain was experienced during the previous procedure, as this provides the operator with information on possible paincausing factors and allows in many cases the improvement in following biopsies. There is a little chance that formal recommendations for BMBAs will be made at any time soon, as there are very little data arising from trials in this field of medicine. We can just hope that slow progress in this field and implementation of the data already present will lead to less painful biopsies in the future.
Conclusions
Is the bone marrow biopsy pain something that can be reduced? Yes. However, the issue of pain associated with biopsy is under-researched. There are only a handful of studies that assess the different factors associated with pain, and even less randomized clinical trials have been performed in this area. What we know is that, on average, the pain associated with a BMBA is short-lived, mild to moderate, and less than anticipated. However, for some patients, a BMBA is a severely painful process, and, as the unbearable pain score is closely related to the difficulty of the BMBA and the experience of the performing physician, this is an issue that could be targeted in future clinical trials. However, as trials are expensive and hard to run, we propose a simple online tool that helps physicians learn how to reduce the pain in patients undergoing bone marrow biopsy. The project can be accessed on the webpage www.painlessbiopsy.wordpress. com. The idea is to provide physicians with instant feedback on the level of pain felt during the biopsy and possibility to access the knowledge of the experienced colleagues on the topic of bone marrow biopsy. The use of analgesics and sedatives leads to the decrease in discomfort and pain during BMBAs but carries with them added risk of complications. One point which is relatively easy to pursue in most of clinical situations is providing the patient with good and adequate information. Although there are only limited approaches, both pharmacologic and nonpharmacologic, available to manage the pain perception during a BMBA; our observation suggests that they can be easily adopted into clinical practice and could be a great help for patients undergoing bone marrow biopsy.
